Background {#Sec1}
==========

Surgical resection with lymphadenectomy remains the curative choice for esophageal cancer; however, the optimal surgical approach is uncertain. Unlike in the Western world, where the use of transthoracic and transhiatal esophagectomy is debated, transthoracic esophagectomy, especially the left transthoracic (Sweet) approach, has been widely adopted in China \[[@CR1]\]. Minimally invasive Ivor Lewis esophagectomy (MIILE) is gaining popularity because of its short-term advantages over open approaches in treating esophageal adenocarcinoma \[[@CR2], [@CR3]\]. However, the long-term outcomes of esophageal squamous cell carcinoma (ESCC) patients undergoing MIILE need further investigation, as the biological and clinical patterns of ESCC significantly differ from those of esophageal adenocarcinoma \[[@CR4], [@CR5]\].

To investigate the long-term effects of MIILE on ESCC patients, a propensity score-matched study was conducted. We retrospectively compared clinical data from patients who underwent MIILE or the Sweet approach and evaluated postoperative outcomes, quality of life (QOL), and survival.

Methods {#Sec2}
=======

From January 2011 to December 2017, 1160 ESCC patients who did not receive neoadjuvant therapy were admitted for surgical assessment. The operability evaluation included a panel of oncological assessments (including contrast computed tomography of the chest and upper abdomen, esophageal gastroscopy, barium esophagography, endoscopic ultrasound, and positron emission tomography), and standard pulmonary and cardiac function tests. The treatment regimen was decided by a multidisciplinary team and the patient based on the clinical stage and the National Comprehensive Cancer Network (NCCN) guidelines \[[@CR6]\]. For patients with unresectable tumors, conservative treatment was performed. For patients with a cTisN0M0 or cT1aN0M0 classification, endoscopic mucosal resection or endoscopic submucosal dissection was implemented. For other patients, the choice between MIILE and Sweet esophagectomy was made by the patient after informed consent was obtained (Fig. [1](#Fig1){ref-type="fig"}). Detailed data were gathered from a highly maintained in-house database. Techniques used in the two esophagectomy procedures have previously been described in detail \[[@CR7], [@CR8]\].Fig. 1Patients who underwent esophagectomy between January 2011 and December 2017. ESCC = esophageal squamous cell carcinoma; EMR = endoscopic mucosal resection; ESD = endoscopic submucosal dissection; MIILE = minimally invasive Ivor Lewis esophagectomy

Surgical procedures {#Sec3}
-------------------

General anesthesia and double-lumen endotracheal intubation were routinely used, combined with epidural anesthesia or thoracic paravertebral nerve blocks.

For MIILE, the patient was initially placed in a supine position. Through laparoscopy, gastric tubulization and omental flap mobilization were performed, accompanied by abdominal lymph node dissection (paracardiac left and right, common hepatic artery, splenic artery, left gastric artery, and celiac). This procedure was followed by the insertion of a jejunal feeding tube. Before closure, the abdomen was drained. Subsequently, the patient was turned to the left lateral decubitus position. After esophageal mobilization and lymphadenectomy (peri-esophageal, lower posterior mediastinal, right and left recurrent laryngeal nerve (RLN), carina, and right paratracheal), intrathoracic anastomosis was completed using a circular stapler or the hand-sewn method. Thoracic duct ligation was routinely performed. Finally, a nasogastric tube was placed, and the thorax was drained.

For the Sweet approach, the patient was placed in the right lateral decubitus position. A left posterolateral thoracotomy was performed through the sixth or seventh intercostal space. After esophageal isolation and thoracic lymphadenectomy, the diaphragm was incised to mobilize the stomach and dissect the abdominal lymph nodes. A gastric tube, normally 4--5 cm in width, was formed along the arcus major ventriculi. Intrathoracic esophagogastric anastomosis was constructed using a circular stapler or the hand-sewn method. A nasoenteric feeding tube was inserted in the jejunum, and a nasogastric tube was placed. Subsequently, the thorax was drained.

Postoperative treatment {#Sec4}
-----------------------

Patients were routinely monitored in the intensive care unit (ICU) until their vital signs were stabilized. Enteral nutrition was initiated on the first day after surgery. Oral intake was usually permitted after the presence of an intact anastomosis was verified by an esophagogram, the implementation of which was closely related to each patient's recovery status. Chest drains were removed when drainage volumes were less than 100 ml/24 h. The jejunostomy feeding tube was retained for home enteric nutrition until three months after discharge. Adjuvant therapy (chemotherapy/radiotherapy/chemoradiation) was administered in patients with advanced stage (pathological stage more than T3 or N1) based on the tumor-node-metastasis (TNM) stage and the NCCN guidelines. The clinical and pathological stage was determined according to the 7th edition of the American Joint Committee on Cancer \[[@CR9]\].

Adjuvant therapy {#Sec5}
----------------

Chemotherapy included four cycles of cisplatin (75--100 mg/m^2^) on day 1 coupled with paclitaxel (120--175 mg/m^2^) or taxane (60--75 mg/m^2^) on day 2 every 21 days or four cycles of cisplatin or nedaplatin (75--100 mg/m^2^) on day 1 coupled with 5-fluorouracil (500--750 mg/m^2^) on days 1--5 every 21 days.

Radiotherapy was administered with a Trilogy® (Varian Medical Systems) linear accelerator. A dose of 45--50.4 Gy was administered in 1.8--2.0 Gy daily fractions for 5 weeks.

Chemoradiotherapy included cisplatin-based chemotherapy coupled with 45--50.4 Gy of radiation at a dose of 1.8--2.0 Gy per fraction for 5 weeks.

Health-related quality of life evaluation {#Sec6}
-----------------------------------------

QOL parameters were measured using the European Organization for Research and Treatment of Cancer (EORTC) QOL C30 questionnaire and the Supplemental QOL-Esophageal Module 18 questionnaire \[[@CR10], [@CR11]\]. The questionnaire was completed at admission and during postoperative follow-up dates (3, 6, 12, and 24 months) via direct or indirect communication (mail, email or telephone).

Follow-up {#Sec7}
---------

Patients had follow-up appointments every three months during the first year and every six months thereafter. Clinical examinations included a physical examination, evaluation of tumor biomarkers (carbohydrate antigen 19--9, carbohydrate antigen 242, carcinoembryonic antigen, and squamous cell carcinoma antigen levels), cervical region ultrasonography, and thorax and abdominal computed tomography. Esophagogastroscopy was performed annually after surgery. The last follow-up date was December 30, 2017.

Data collection and statistical analysis {#Sec8}
----------------------------------------

A low, normal, and high body mass index (BMI) were defined as a BMI of less than 18.5, between 18.5 and 25, and more than 25, respectively. Tumor diameter was gauged at the final pathological examination.

The QOL score was graded following the EORTC Scoring Manual. Higher global health and physical function scores indicate better QOL, while higher scores for symptoms such as pain imply poorer QOL. Overall survival (OS) was defined as the length of time from the date of surgery to the last known living date. Disease-free survival (DFS) was defined as the length of time from the date of surgery to the date of death from any cause or recurrence verified by pathological examination or imaging features.

Propensity score matching was used to balance the clinical characteristics between the two groups. To estimate the propensity score, a multinomial logistic regression model was applied based on age, gender, BMI, Charlson comorbidity index, tumor location, tumor invasion stage, lymph node stage and pathological TNM stage. A 1:1 match was achieved using the nearest neighbor-matching algorithm with a caliper definition of 0.02. Finally, 216 paired cases were matched. This research project was approved by Ethics Committee of the 2nd Affiliated Hospital, School of Medicine, Zhejiang University.

Variables are presented as proportions, means, or medians where appropriate. Data were compared using Student's t test, χ^2^ test, one-way ANOVA or the Mann-Whitney U test, as appropriate. The Kaplan-Meier method or Cox proportional hazards method was used to analyze OS and DFS. All statistical analyses were performed using SPSS (SPSS 19.0 for Windows; SPSS Inc., Chicago, IL). A *p*-value less than 0.05 was defined as statistically significant.

Results {#Sec9}
=======

Clinical baseline {#Sec10}
-----------------

After the short acceptance phase for the MIILE early in this study, the number of patients who chose the Sweet approach decreased and eventually became significantly less than that of those who elected MIILE (Fig. [1](#Fig1){ref-type="fig"}). As shown in Table [1](#Tab1){ref-type="table"}, the demographic and clinical characteristics of the MIILE and Sweet groups were well balanced. There was no significant difference between patients in these groups in terms of age, gender, BMI, comorbidities, tumor location or TNM stage.Table 1Patient characteristics after matchingCharacteristicMIILE (*n* = 216)Sweet (n = 216)*p* valueAge, year61(56\~68)61.46 ± 8.030.629Gender, n (%)0.593 Male181(83.8)185(85.6) Female35(16.2)31(14.4)BMI (kg/m^2^)21.46 (19.26\~23.04)21.09 (18.86\~23.52)0.637CCI, n(%)0.808 29(4.2)13(6.0) 346(21.3)48(22.2) 480(37.0)84(38.9) 560(27.8)54(25.0) 621(9.7)17(7.9) 70(0.0)0(0.0)Tumor length (cm)4.0(3.0\~5.0)3.5(3.0\~4.5)0.178Tumor location^a^, n(%)0.974 Upper and middle junction11(5.1)10(4.6) Middle99(45.8)100(46.3) Lower106(49.1)106(49.1)Tumor stage^b^, n(%)0.594 146(21.3)42(19.4) 228(13.0)34(15.8) 3136(63.0)130(60.2) T46(2.7)10(4.6)Nodal stage^b^, n(%)0.675 0107(49.5)115(53.2) 151(23.6)54(25.0) 233(15.3)27(12.5) N325(11.6)20(9.3)Pathologic stage^b^, n(%)0.794 I50(23.1)53(24.5) II68(31.5)72(33.3) III98(45.4)91(42.2)Adjuvant therapy, n(%)0.962 None118(54.6)123(56.9) Chemotherapy26(12.0)24(11.1) Chemoradiotherapy44(20.4)41(19.0) Radiaotherapy28(13.0)28 (13.0)^a,b^The classification of tumor pathology and location was based on the American Joint Committee on Cancer, 7th ed. MIILE = Minimally invasive Ivor Lewis esophagectomy;*BMI* Body mass index, *CCI* Charlson comorbidity index

Perioperative outcomes and recurrence {#Sec11}
-------------------------------------

The perioperative comparisons are presented in Table [2](#Tab2){ref-type="table"}. MIILE procedure took longer and resulted in less blood loss than the Sweet approach (200 (150--300) ml vs 300 (250--400) ml, *p* \< 0.001), but the blood transfusion rate was similar. More lymph nodes in the RLN region and in the thoracic and abdominal field were retrieved during MIILE procedure, and consequently the total lymph node number was higher (31(22--40) vs 18(12--28), *p* \< 0.001). Note that the number of patients with RLN lymph node dissection was significantly higher in the MIILE (164 vs 35, *p* \< 0.001). Intraoperative frozen sections were routinely obtained, and R0 resection was obtained for all patients.Table 2Perioperative outcomes and recurrence patternCharacteristic^a^MIILE (*n* = 216)Sweet (n = 216)*p* valueTotal surgical time(min)265.5(214\~330)201.0(180\~236)\< 0.001Blood loss(ml)200(150\~300)300(250\~400)\< 0.001Blood transfusion, n(%)14(6.5)18(8.3)0.462Lymphadenectomy, n RLN7(3\~10)3(2\~4)\< 0.001 Thoracic14(9\~19)10(6\~14)\< 0.001 Abdominal10(6\~15)9(5\~14)0.034Total31(22\~40)18(12\~28)\< 0.001 Initiation of oral intake, d6(5\~7)9(7\~11)\< 0.001Length of stay, d Intensive care unit4(2\~6)3(2\~6)0.629 Postoperative hospital13(11\~16)18(16\~25)\< 0.001Complications, n(%) Anastomotic leak15/216 (6.9)16/216(7.4)0.852 Esophagotracheal fistula3/216(1.4)2/216(0.9)0.653 Atrial fibrillation56/216(25.9)67/216 (31.0)0.241 Pneumonia80/216(37.0)104/216(48.1)0.020 ARDS8/216(3.7)11/216(5.1)0.481 Recurrent laryngeal nerve injury6/216(2.8)1/216(0.5)0.057 Chylothorax8/216(3.7)7/216(3.2)0.793 Wound infection11/216(5.1)13/216(6.0)0.674 Ileus3/216(1.4)0/216(0.0)0.248 Volvulus1/216(0.5)0/216(0.0)1.000Total^b^110/216(50.9)148/216(68.5)\< 0.001 Reoperation, n(%)19(8.8)17(7.9)0.728 Mortality within postoperative-30-day,n560.760Recurrence, n(%) Locoregional recurrence42/89(47.2)56/95(58.9)0.108 Anastomosis site4/42(9.5)3/56(5.3)0.703 Cervical/supraclavicular- lymph node4/42(9.5)9/56(16.1)0.159 Mediastinal lymph node18/42(42.9)29/56(51.8)0.089 Abdominal lymph node16/42(38.1)15/56(26.8)0.852 Distance recurrence47/89(52.8)39/95(41.1)0.335 Liver15/47(31.9)13/39(33.3)0.696 Bone12/47(25.6)8/39(20.5)0.360 Lung11/47(23.4)12/39(30.8)0.830 Other sites9/47(19.1)6/39(15.4)0.647 Multiple sites9/98(9.2)6/101(5.9)0.430Total98/216(45.4)101/216(46.7)0.772^a^Data are shown as number (%) and continuous data as mean standard deviation or median (interquartile range)^b^81 patients in MIILE and 73 patients in Sweet had two or more than two complications*MIILE* Minimally invasive Ivor Lewis esophagectomy*RLN* Recurrent laryngeal nerves*ARDS* Acute respiratory distress syndrome

The MIILE group began oral intake earlier (6 (5--7) days vs 9 (7--11) days, *p* \< 0.001) and left the hospital earlier (13 (11-16) days vs 18 (16--25) days, *p* \< 0.001). More complications, especially pneumonia, occurred in the Sweet group. The reoperation rate was similar. Nineteen reoperations were performed in patients from the MIILE, namely, six operations for chylothorax, five for wound infections, four for anastomotic leakage, two for intestinal obstructions, one for intrathoracic hemorrhage, and one for abdominal hemorrhage. Seventeen patients in the Sweet group required reoperation. There were four operations for anastomotic leakage, four for chylothorax, five for wound infections, two for intrathoracic hemorrhage, and two for abdominal hemorrhage.

There was no intraoperative mortality. The postoperative 30-day mortality rate did not differ significantly between approaches. Five postoperative deaths occurred in the MIILE group. One patient died from anastomotic leakage, three died from severe pneumonia, and one died from sudden cardiac arrest. Six patients in the Sweet group died. Two patients died from anastomotic leakage, three died from respiratory failure secondary to pulmonary infection, and one died from congestive heart failure.

Recurrence was observed in nearly half of patients (45.4% in the MIILE group vs 46.7% in the Sweet group, *p* = 0.772). The recurrence pattern was similar between the MIILE group and the Sweet group (locoregional, 42 vs 56, *p* = 0.108; distant, 47 vs 39, *p* = 0.335); in half of the patients, recurrence was observed at distant sites, mainly the liver, lungs, and bone.

Survival {#Sec12}
--------

The median follow-up time was 36 months. The 2-year OS and DFS rates for all patients were 59.4 and 35.0%, respectively, and the 5-year OS and DFS rates were 54.8 and 34.0%, respectively. There was no significant difference in OS and DFS between groups (Fig. [2](#Fig2){ref-type="fig"} and Fig. [3](#Fig3){ref-type="fig"}). Patients in the MIILE group classified as TNM stage I showed superior OS and DFS.Fig. 2Overall survival curves by MIILE and the Sweet approach for (**a**) the entire cohort (*p* = 0.503) and for patients with (**b**) TNM stage I (*p* = 0.029), (**c**) TNM stage II (*p* = 0.544), (**d**) TNM stage III (*p* = 0.468). Kaplan-Meier, Log-rank. MIILE = minimally invasive Ivor Lewis esophagectomy. TNM = tumor-node-metastasisFig. 3Disease-free survival by MIILE and the Sweet approach for (**a**) the entire group (*p* = 0.370) and patients with (**b**) TNM stage I (*p* = 0.006), (**c**) TNM stage II (*p* = 0.582), and (**d**) TNM stage III (*p* = 0.459). Kaplan-Meier, Log-rank; MIILE = minimally invasive Ivor Lewis esophagectomy. TNM = tumor-node-metastasis

Table [3](#Tab3){ref-type="table"} shows the results of the univariate analysis of clinicopathologic variables influencing OS and DFS. The factors tumor diameter (≤3 cm vs \> 3 cm), depth of tumor invasion (T1--2 vs T3--4), lymph node metastasis status (N0 vs N1--3), TNM stage (I vs II vs III), and occurrence of postoperative pneumonia and complications affected the OS and DFS of the whole cohort. Further analysis showed that a high BMI was associated with better OS in the MIILE group, and atrial fibrillation was associated with worse DFS in the Sweet group. Regression analysis using a multivariable Cox proportional hazards model revealed that TNM stage and postoperative complications were independent prognostic factors for survival of the whole cohort (Table [4](#Tab4){ref-type="table"}).Table 3Clinicopathologic characteristics and prognostic factor for survival of 432 ESCC patientsCharacteristicTotal (*n* = 432)MIILE (*n* = 216)Sweet (*n* = 216)No*p* valueNo*p* valueNo*p* valueOSDFSOSDFSOSDFSGender Male3660.5050.3931810.5510.4221850.7480.679 Female663531Age(year)  \< 652670.9020.9431320.1260.1891350.1580.179  ≥ 651658481BMI (kg/m^2^)  ≤ 18.5863353 18.5\~252870.277^\*^0.169^\*^1560.717^\*^0.528^\*^1310.244^\*^0.165^\*^  ≥ 25590.182^\*^0.082^\*^270.053^\*^0.024^\*^320.789^\*^0.696^\*^Tumor location Upper and middle junction211110 Middle third1990.898^\*\*^0.964^\*\*^990.524^\*\*^0.471^\*\*^1000.761^\*\*^0.616^\*\*^ Lower third2120.766^\*\*^0.853^\*\*^1060.350^\*\*^0.331^\*\*^1060.617^\*\*^0.445^\*\*^Tumor length(cm) ≤ 3139\< 0.001\< 0.001780.0130.003610.0050.016 \>3293138155Depth of invasion (T) T1--2150\< 0.001\< 0.00174\< 0.001\< 0.001760.2010.481 T3--4282142140Lymph node metastasis (N) N0222\< 0.001\< 0.001107\< 0.001\< 0.001115\< 0.001\< 0.001 N1--3210109101Pathology stage (TNM) I1030.050^\*\*\*^0.053^\*\*\*^500.004^\*\*\*^0.002^\*\*\*^530.091^\*\*\*^0.876^\*\*\*^ II140\< 0.001^\*\*\*\*^\< 0.001^\*\*\*\*^68\< 0.001^\*\*\*\*^\< 0.001^\*\*\*\*^72\< 0.001^\*\*\*\*^\< 0.001^\*\*\*\*^ III189\< 0.001^\*\*\*\*\*^\< 0.001^\*\*\*\*\*^98\< 0.001^\*\*\*\*\*^\< 0.001^\*\*\*\*\*^91\< 0.001^\*\*\*\*\*^\< 0.001^\*\*\*\*\*^Atrial fibrillation Yes1230.1440.086560.4930.594670.1240.038 No309160149Pneumonia complication (including ARDS) Yes203\< 0.001\< 0.001880.0080.010115\< 0.001\< 0.001 No229128101Postoperative complication Yes258\< 0.001\< 0.0011100.2940.424148\< 0.001\< 0.001 No17410668^\*^Compared with low BMI group (≤18.5), log-rank. ^\*\*^Compared with upper third group, log-rank. ^\*\*\*^I compared with II, log-rank;^\*\*\*\*^II compared with III, log-rank; ^\*\*\*\*\*^I compared with III, log-rank*MIILE* minimally invasive Ivor Lewis esophagectomy*OS* overall survival*DFS* disease-free survival*BMI* body mass index*TNM* tumor-node-metastasis*ARDS* Acute respiratory distress syndromeTable 4Multivariate analysis by Cox proportional hazard modelCharacteristicTotal (*n* = 432)MIILE (*n* = 216)Sweet (*n* = 216)*p* value*p* value*p* valueOSDFSOSDFSOSDFSAge0.8910.8870.2800.4270.1280.111Gender0.1810.1860.1270.2310.9220.712TNM stage\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001\< 0.001Tumor location0.6410.4760.9450.7750.8630.502Tumor length0.1100.0700.2750.0310.6200.414BMI0.5740.3780.4420.3990.8970.688Postoperative complication\< 0.001\< 0.0010.5050.8430.854\< 0.001Surgical approach0.4150.407--------*MIILE* minimally invasive Ivor Lewis esophagectomy*OS* overall survival*DFS* disease-free survival*TNM* tumor-node-metastasis*BMI* body mass index- = no *p* value

RLN lymph node metastasis was associated with poor OS and DFS in the whole cohort and in the MIILE group but had no influence on survival in the Sweet group (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Overall survival curve and disease-free survival curves stratified by RLN lymph node metastasis status in 199 patients with RLN lymph nodes retrieved in the whole cohort (**a** *p* \< 0.001 and **b** *p* \< 0.001, respectively), 164 patients with RLN lymph nodes retrieved in the MIILE group (**c** *p* \< 0.001 and **d** *p* \< 0.001, respectively), and 35 patients with RLN lymph nodes retrieved in the Sweet group (**e** *p* = 0.776 and **f** *p* = 0.816, respectively). MIILE = minimally invasive Ivor Lewis esophagectomy. RLN = recurrent laryngeal nerve. LN = lymph node

Quality of life {#Sec13}
---------------

The QOL results are shown in Table [5](#Tab5){ref-type="table"}. There was no significant difference in the baseline level of QOL. MIILE group scored significantly higher in the postoperative global health and physical component and lower in symptom categories than the Sweet group. Furthermore, the scores for global health, physical function, role function, emotional function, cognitive function, social function, fatigue, and pain improved faster in the MIILE group.Table 5Quality of Life After SurgeryCharacteristic^a^MIILE (*n* = 92)Sweet (*n* = 94)Baseline3 months6 months12 months24 monthsBaseline3 months6 months12 months24 monthsEORTC C30^b^ Global health73.53 ± 11.1965.82 ± 11.54^\*/\*\*^69.29 ± 12.38^\*/\*\*^72.69 ± 15.98^\*^74.02 ± 16.4975.89 ± 16.0649.32 ± 10.01^\*\*^57.13 ± 14.89^\*\*^62.63 ± 10.37^\*\*^71.81 ± 15.19Functioning scales Physical functioning84.89(73.03--93.24)66.94 ± 10.47^\*/\*\*^73.57 ± 12.61^\*/\*\*^81.34(70.61--89.29) ^\*/\*\*^84.40 ± 10.18^\*^84.00(76.12--93.64)50.20 ± 8.45^\*\*^48.69 ± 12.38^\*\*^72.58 ± 12.50^\*\*^73.08 ± 14.74^\*\*^ Role functioning82.31(73.63--90.02)61.64 ± 10.80^\*/\*\*^71.18 ± 8.08^\*/\*\*^80.88 ± 8.59^\*^81.21 ± 10.0279.16 ± 11.1654.56 ± 1.38^\*\*^59.72 ± 8.67^\*\*^75.96 ± 12.5181.48 ± 9.22 Emotional functioning70.06 ± 11.7873.30 ± 11.97^\*^77.81 ± 11.18^\*/\*\*^78.62 ± 10.46^\*\*^81.58 ± 11.3^\*\*^70.00 ± 8.2063.19 ± 10.76^\*\*^69.74 ± 7.2979.98(71.25--90.41)^\*\*^79.38 ± 9.91^\*\*^Symptom scales Fatigue21.46 ± 11.5544.16 ± 9.26^\*/\*\*^36.14 ± 18.23^\*/\*\*^27.97 ± 6.47^\*/\*\*^23.15 ± 12.3321.40 ± 11.4959.19 ± 10.26^\*\*^49.14 ± 12.93^\*\*^31.78 ± 13.40^\*\*^26.23 ± 14.40^\*\*^ Pain19.54 ± 9.4632.62(23.79--39.34) ^\*/\*\*^30.09 ± 7.76^\*/\*\*^26.83 ± 6.31^\*/\*\*^24.58 ± 9.12^\*\*^18.78 ± 7.4956.15 ± 1.61^\*\*^40.88 ± 12.56^\*\*^30.29 ± 10.48^\*\*^25.74 ± 5.36^\*\*^ Dyspnea12.47 ± 6.6326.78 ± 9.31^\*/\*\*^22.06 ± 7.64^\*/\*\*^16.11 ± 9.65^\*\*^14.10 ± 6.5012.80 ± 7.1932.36 ± 10.91^\*\*^25.00 ± 8.33^\*\*^17.63 ± 5.68^\*\*^14.12 ± 6.52 Insomnia22.06 ± 9.9734.68 ± 10.55^\*/\*\*^29.77 ± 7.99^\*/\*\*^25.81 ± 10.21^\*/\*\*^21.97 ± 10.9724.24 ± 10.6141.88 ± 12.90^\*\*^39.40 ± 11.96^\*\*^29.19 ± 9.47^\*\*^21.45 ± 12.74 Appetite loss36.01 ± 12.2422.81 ± 12.74^\*/\*\*^22.81 ± 13.07^\*\*^17.91 ± 9.43^\*/\*\*^19.45 ± 8.78^\*\*^31.80 ± 19.1727.06 ± 10.95^\*\*^23.99 ± 13.41^\*\*^22.33 ± 11.28^\*\*^21.07 ± 8.79^\*\*^ Constipation22.11 ± 13.2017.87 ± 11.58^\*/\*\*^16.03(9.37--28.83)17.44 ± 1.23^\*\*^16.20 ± 7.81^\*\*^17.40(8.39--26.69)22.64 ± 12.1^\*\*^21.46(7.65--32.99)18.88 ± 8.0617.94 ± 9.23EORTC OES 18 Dysphagia39.26 ± 17.2126.15 ± 13.22^\*\*^23.80 ± 12.06^\*\*^22.66 ± 11.98^\*\*^17.29 ± 7.39^\*\*^39.86 ± 10.0327.55 ± 15.03^\*\*^26.43 ± 12.16^\*\*^23.02 ± 12.56^\*\*^18.09 ± 8.73^\*\*^ Eating39.57 ± 11.9036.63(31.88--42.97) ^\*\*^32.12 ± 10.29^\*\*^24.66 ± 10.70^\*\*^22.81 ± 8.38^\*\*^39.00 ± 11.5534.41 ± 11.57^\*\*^29.27 ± 14.67^\*\*^25.69 ± 12.28^\*\*^22.15 ± 9.75^\*\*^ Reflux21.67 ± 10.3737.58 ± 12.41^\*\*^33.31 ± 16.21^\*\*^32.05 ± 13.96^\*\*^29.57 ± 10.20^\*\*^22.23 ± 11.5937.74 ± 17.40^\*\*^33.16 ± 15.51^\*\*^33.06 ± 13.78^\*\*^31.79 ± 15.02^\*\*^ Pain16.55 ± 11.4725.02 ± 10.00^\*/\*\*^14.21 ± 7.93^\*^12.56 ± 7.12^\*^11.92 ± 6.1418.24 ± 10.3328.13 ± 10.80^\*\*^25.49 ± 11.92^\*\*^15.50 ± 9.4812.27 ± 7.20^\*\*^ Choking31.97 ± 14.1723.08 ± 10.24^\*\*^22.87 ± 13.60^\*\*^21.60 ± 10.92^\*/\*\*^21.17 ± 12.78^\*\*^31.33 ± 12.1820.36 ± 12.74^\*\*^25.42 ± 14.50^\*\*^25.11 ± 9.80^\*\*^20.06 ± 10.48^\*\*^ Coughing12.03(6.94--20.54)27.51 ± 11.64^\*\*^25.96 ± 8.67^\*\*^21.52 ± 9.58^\*\*^19.93 ± 8.49^\*\*^14.32(4.79--22.67)28.11 ± 14.80^\*\*^24.97 ± 8.07^\*\*^20.71 ± 8.37^\*\*^22.19 ± 10.64^\*\*a^Data are shown as number (%) and continuous data as mean standard deviation or median (interquartile range)^b^Measures aspects of health and function; scores range from 0 to 100, with higher scores representing better well-being. Assesses aspects of oesophageal symptoms; scores range from 0 to 100, with lower scores indicating better functionEvery date was compared between groups and with the baseline within respective group, only *p* \< 0.05 was notified:^\*^MIILE compared with Sweet *p* \< 0.05^\*\*^compared with baseline *p* \< 0.05*EORTC* European Organization for Research and Treatment of Cancer Quality of Life Questionnaires, *MIILE* minimally invasive Ivor Lewis esophagectomy

Discussion {#Sec14}
==========

Although left transthoracic esophagectomy is the primary surgical approach for ESCC in China, the debate regarding the left and right thoracic approaches remains unsettled \[[@CR12], [@CR13]\]. MIILE has been demonstrated to have advantages over the open Ivor Lewis approach in the treatment of esophageal adenocarcinoma patients \[[@CR3], [@CR14]\], but its effect on the long-term survival of patients with ESCC needs further investigation. There have also been few detailed comparisons between MIILE and the left transthoracic approach (Sweet approach) in ESCC patients \[[@CR15], [@CR16]\]. To fill this gap in knowledge, we compared the QOL and survival of patients who underwent MIILE and the Sweet procedure.

We found that both surgical procedures were comparable at the clinical baseline. The short-term advantages of MIILE, such as decreased blood loss, reduced hospital stay, and decreased pain were in line with those reported previously \[[@CR16], [@CR17]\]. Similar to previous studies \[[@CR16], [@CR18]\], there were significantly fewer respiratory complications in patients who underwent MIILE. This finding could be ascribed to reduced pulmonary parenchymal trauma and gentle lung retraction with the thoracoscope. In addition, the minimally invasive incisions made during MIILE procedure resulted in less intercostal nerve injury, which reduced pain and allowed effective expectoration. Compared with the Sweet approach, MIILE approach accelerated the recovery phase, as MIILE patients had decreased ICU stays, accelerated oral intake and shortened postoperative hospital stays. The recurrence pattern was similar between approaches, which needs further investigation \[[@CR19]\]. The relatively high recurrence rate was comparable to those in similar studies (47--54.3%) \[[@CR20], [@CR21]\] and may be ascribed to the tumor location, undetectable metastasis, depth of invasion and lymph node metastasis status \[[@CR22], [@CR23]\]. Thus, close follow-up of patients is recommended.

Although the OS and DFS results were similar between groups, superior survival of patients with TNM stage I was noted in the MIILE, which may be due to the advantage of this approach in lymph node resection (magnified views, better exposure, and longer instruments), especially in the RLN field. Radical lymph node resection with RLN lymphadenectomy, such as that performed during MIILE, can remove more potential cancer-positive lymph nodes, allow more accurate staging and therapy, and offer a better prognosis in patients with early stage ESCC \[[@CR24], [@CR25]\]. Our results also demonstrated that the frequency of lymph node metastasis along the RLN is high, which is consistent with the association of lymph node status with survival benefit \[[@CR26]\]. However, RLN lymph node metastasis did not influence the survival of patients in the Sweet group, which may be explained by the limited superior mediastinal lymphadenectomy performed during the Sweet procedure and the omission of RLN lymphadenectomy \[[@CR27]\]. Moreover, the lymph nodes along the common hepatic and celiac arteries were not routinely retrieved during the Sweet procedure, which could misguide pathological TNM staging and treatment protocols. Thus, our findings support the recommendation that radical lymphadenectomy, including removal of the bilateral RLN lymph nodes, should be performed during esophagectomy \[[@CR28]\].

Among factors affecting survival, the influence of a longer tumor diameter may be ascribed to a more advanced TNM stage \[[@CR29]\], and the impact of high BMI may be due to its relationship to a lower pathological stage \[[@CR30]\]. The TNM stage and occurrence of postoperative complications were independent prognostic factors, which implies that early diagnosis, prompt treatment, and cautious ward management are essential for improving survival \[[@CR31], [@CR32]\].

QOL after esophagectomy is an important factor considering the high morbidity and poor prognosis of esophageal carcinoma patients. QOL was impaired after surgery and gradually recovered within 6--12 months in both groups. A significant difference favoring MIILE was found in the global health, physical component summary, and symptom categories in postoperative patients at three to six months, which is in line with observations made in previous studies \[[@CR16], [@CR33]\]. The advantage of MIILE in QOL may be ascribed to decreased surgical trauma and reduced pain \[[@CR33]\].

For propensity score matching and minimizing the statistical bias, patients who received neoadjuvant therapy were not enrolled in this study because most of them chose MIILE afterwards. Neoadjuvant therapy has been increasingly adopted in esophageal cancer patients with conflicting results \[[@CR34], [@CR35]\]. In addition, the optimal neoadjuvant protocol needs further investigation. The likelihood that the conclusions of this study would be influenced by the downstaging effect of neoadjuvant therapy should not be disregarded.

The strength of this study lies in the large sample size, which is one of the largest for propensity score-matched comparisons between ESCC patients undergoing MIILE and the Sweet procedure. This study has intrinsic limitations regarding statistical bias because it was retrospective and nonrandomized and was also based on the experience of a single surgeon. In addition, it is unclear whether the results of this study were influenced by the postoperative treatments, and the effect of adjuvant therapy on patients was not evaluated. The indications for postoperative therapy in ESCC are still under debate. In addition, the optimal adjuvant protocol for ESCC needs further analysis.

Conclusion {#Sec15}
==========

This retrospective study has demonstrated that MIILE could be a safe and effective alternative procedure for ESCC patients. MIILE provides short-term advantages, better postoperative QOL, and favorable long-term oncologic results, especially in patients with early stage. To improve survival, radical lymph node dissection and regular follow-up are recommended.
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